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CLAIMS 



[Claim(s)] 

[Claim 1] The X-ray multilayer reflecting mirror 
characterized by having two or more multilayer 
reflecting mirrors which consist of a multilayer from 
which a period differs, and forming the desired reflector 
of composition of each reflector of this reflecting 
mirror. 

[Claim 2] The X-ray multilayer reflecting mirror 
according to claim 1 with which each reflector of the 
aforementioned multilayer reflecting mirror is 
characterized by being the same configuration. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the X-ray multilayer reflecting mirror used for X-ray 

lithography, an X-ray microscope, etc. 

[0002] 

[Description of the Prior Art] In recent years, development of the X-ray catoptric system of the direct 
incidence which can be used for X-ray lithography or an X-ray microscope is performed. The multilayer 
reflecting mirror using the multilayer formed by carrying out the laminating of the two matter which a 
refractive index is large and is different as an optical element in it by turns is known. 
[0003] This multilayer reflecting mirror was manufactured by forming a multilayer by the vacuum 
deposition on the substrate, after repeating grinding, polish, and a configuration measurement process 
until it filled the configuration precision and surface roughness of which the substrate of a desired size is 
required. By the way, the multilayer is reflecting the X-ray by filling a Bragg's condition. That is, when 
the period (thickness for one pair of the matter with the aforementioned large refractive index and the 
small matter) of the aforementioned multilayer is set to d, this period d is mlambda=2dsintheta to the 
wavelength lambda and the incident angle theta of an X-ray which carry out incidence, (m is a degree) 
It must be set up so that the Bragg's equation expressed may be filled. However, when a multilayer is 
formed on a curved- surface- like substrate, even if it irradiates an X-ray from it being fixed, the incident 
angles theta which fulfill conditions with the position on a substrate differ. Therefore, the period d of a 
multilayer needed to be changed with the position on a substrate. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in membrane formation of a multilayer, it was 
technically difficult to change the period of this multilayer with the position on a substrate. Therefore, 
there was a problem that the performance of the manufactured reflecting mirror became remarkably low 
to a theoretical value (design value). Furthermore, since membranous internal stress became very large 
according to the thickness of a multilayer, and area when a multilayer is formed on the substrate of a 
large area, there was a possibility that ablation of a film might take place. 

[0005] Since it was above, in manufacture of the multilayer reflecting mirror (reflecting mirror which 
has especially a curved surface) of a large area, decline in the rate of an excellent article was not 
avoided. In addition to it, there was also a problem of increase of the time which a manufacture process 
takes, this invention aims at solving the above-mentioned problem. 
[0006] 

[Means for Solving the Problem] For the above-mentioned purpose, with the multilayer reflecting mirror 
of this invention, it has two or more multilayer reflecting mirrors which consist of a multilayer from 
which a period differs, and the desired reflector was formed of composition of the reflector of each 
[ these ] reflecting mirror. 
[0007] 

[Function] In this invention, the desired reflector is formed combining two or more multilayer reflecting 
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mirrors which consist of a multilayer from which a period differs. Therefore, the period can be set as a 
desired value about the multilayer of the arbitrary positions on the reflector. That is, at the time of the 
design of a multilayer reflecting mirror, if it asks for the desired period about each point on a reflector, 
the multilayer reflecting mirror (as for this reflecting mirror, the period of a multilayer is set up 
uniformly) which has each period is manufactured, it will be that the reflector compounds combining 
each [ these ] reflecting mirror after that, and a desired reflector will be obtained. 
[0008] Moreover, membranous internal stress becomes small by dividing even the multilayer reflecting 
mirror of a large area into two or more multilayer reflecting mirrors, and it is hard coming to generate 
ablation of a film. 
[0009] 

[Example] Drawin g 1 is the schematic diagram showing one example of this invention. Two or more 
multilayer reflecting mirrors 1 which have the size which can be manufactured have been arranged all 
over the paraboloid of a substrate 2 which has paraboloid of revolution, and the paraboloid-of-revolution 
multilayer reflecting mirror 3 consisted of this examples. In addition, the multilayer reflecting mirror 1 
has illustrated only the part, and others are omitted. 

[0010] The multilayer reflecting mirror 1 consists of a multilayer of the combination of (Nickel nickel) / 
carbon (C) formed on phi 1mm Si wafer. This multilayer forms nickel (nickel) and 50 layers (C) of 
carbon at a time by turns by the magnetron-sputtering method, and is obtained. This multilayer has set 
the period as 4.76nm from 4.22nm. Moreover, for the size, 100mm x200mm and radius of curvature are 
[ a substrate 2 ] 300mm. It has set up. 

[001 1] The time which manufacture of a reflecting mirror 3 took in this example was five days. In this 
invention, since it is not necessary to form a direct multilayer on a substrate, it is not necessary to grind 
the front face of a substrate. Therefore, manufacture of a substrate 2 was performed only by the grinding 
process. Moreover, interference of a laser beam was used for arrangement of Si wafer of the multilayer 
reflecting mirror 1 . For comparison, the paraboloid-of-revolution reflecting mirror was manufactured by 
the conventional method. This reflecting mirror is set up so that the periodic distribution of the reflecting 
mirror of an example, a size, radius of curvature, the matter that forms a multilayer, the number of 
laminatings, and a multilayer may become equal. By the conventional process, only the grinding and 
polish processing on the front face of glass used as a substrate took two months or more. Furthermore, 
one day was taken to form a multilayer on a substrate front face. . 

[0012] Next, it has arranged to the optical system which shows the paraboloid-of-revolution reflecting 
mirror 3 manufactured by this example to drawin g 2 , and the carbonaceous characteristic X ray 
(wavelength of 4.47nm) was irradiated with the incident angle of 30 degrees at the reflector. And 
evaluation of the condensing property of a reflecting mirror 3 and measurement of a reflection factor 
were performed by X-ray detector 4. Consequently, the focal position was in agreement with the 
simulation. Moreover, the reflection factor became 83% of a theoretical value, and the high value was 
acquired. 

[0013] On the other hand, when the reflection factor of the paraboloid-of-revolution reflecting mirror 
obtained by the conventional process was measured similarly, it was 25% of a theoretical value. It is the 
difference in change of the period of the multilayer on a reflector that the difference of this reflection 
factor has contributed most although the difference of the granularity on the front face of a substrate is 
also reflected. That is, since a substrate is formed in the shape of paraboloid of revolution and it has 
curvature, the optimal incident angle for reflection of an X-ray changes with positions on a substrate 
side. On the other hand, the period of the multilayer formed on a substrate must satisfy a Bragg's 
condition as mentioned above. 

[0014] Although the multilayer of the center section of a substrate is formed the period which fills a 
Bragg's condition, it becomes impossible however, for the paraboloid-of-revolution reflecting mirror 
manufactured by the conventional method to fill these conditions with a periphery. Therefore, the 
periphery of a multilayer will not contribute to reflection of an X-ray, but the reflection factor of the 
whole reflecting mirror will become low. The multilayer which has various periods on the other hand so 
that a Bragg's condition may be filled with the paraboloid-of-revolution reflecting mirror 3 of this 
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example in all the positions on a reflector is put together. Therefore, the reflector of all multilayers 
contributes to reflection, and since the reflection is compounded, a reflection factor high as a result can 
be obtained. 

[0015] Thus, in this invention, it becomes easy conventionally to manufacture manufacture the difficult 
large-sized paraboloid-of-revolution reflecting mirror of a high reflection factor. And manufacture of the 
reflecting mirror which has the curved surface which has not been ground also becomes possible 
conventionally. 
[0016] 

[Effect of the Invention] According to this invention, the multilayer reflecting mirror of arbitrary sizes 
and a configuration can be manufactured. Therefore, manufacture of the reflecting mirror of a large area 
is attained by approximating the reflector which has a desired curved surface with the polyhedron 
formed by the reflector of each multilayer reflecting mirror, moreover, one segment (multilayer 
reflecting mirror) - manufacture ~ since what is necessary is just to set it as an easy size, the time which 
a manufacture process takes can be shortened And if it is the multilayer formed on the substrate of small 
area, a possibility that exfoliation may arise with the internal stress will disappear. 
[0017] Furthermore, many small reflecting mirrors are manufactured, and if the multilayer reflecting 
mirror which chooses and asks only for the excellent article in it is manufactured, the rate of an excellent 
article can be raised, moreover, in a Prior art, it has effects, like the manufacture is attained by using a 
flat surface or a curved surface with large radius of curvature for a segment to the reflecting mirror of 
the shape of the aspheric surface which was difficult to manufacture, or the reflecting mirror which has 
the small curvature spherical surface, even if 



[Translation done.] 



http://www4.ipdl,jpo.go,jp/cgi-bin/tran_web_cgi_ejje 



4/1/03 



. Searching PAJ 




PATENT ABSTRACTS OF JAPAN 

(1 1 Publication number : 05-232297 
(43)Date of publication of application : 07.09.1993 

(51)Int.CI. G21K 1/06 



(21 Application number : 04-031994 (71 Applicant : NIKON CORP 

(22)Date of filing : 19.02.1992 (72)Inventor : OTANI MASAYUKI 

MURAKAMI KATSUHIKO 
NAKAMURA HIROSHI 



(54) MULTILAYER FILM REFLECTOR 

(57)Abstract: 

PURPOSE: To make it possible to construct in a short 
time a m ultilayer fiim refle ctor which is free from 
exfoliation virtually and has a high non-defective rate, by 
forming a desired reflecting surface by combining a 
plurality of multilayer film reflectors each formed o f 

multila yer films of different periods., /\ 

CONSTITUTION: A multilayer film reflector 3 having a 
paraboloid of revolution is constructed by disposing a 
plurality of muffijayer film refle ctors CeacTTformmiro rre 
segment)" each having a prescribed dimension, on the 
wfiole~df"a~paraboloid of a substrate 4 having a 
paraboloid of revolution. The reflector 1 is constituted of 
a multilayer film which is formed on an Si wafer of about 
1i m and of combination of nickel/carbon , and it is 
obtained by forming the film of nickel and carbon each 
layered fifty times alternately. The period of this 
multilayer film is set at about 4.22 to 4.76nm. Besides, 
the dimensions of the substrate 4 are set at about 
100mm x 200mm and the radius of curvature thereof at 
about 300mm. 
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